Abstract: Variability and inheritance mode of six properties of the mature leaf (size of blade, number of lobes, shape of teeth, general shape of petiole sinus, density of prostrate and erect hairs between veins on the lower side of blade) were analyzed in 90 seedlings of the F 1 generation from the crossing combination of Muscat Hamburg x Villard Blanc. The properties analyzed were classified according to the OIV system of classification and  2 test was used to determine the inheritance mode. A substantial variability of the analyzed characteristics was recorded in the hybrid progeny. Size of blade, number of lobes, shape of teeth and general shape of petiole sinus were most probably affected by a great number of genetic factors. Monogenic inheritance was determined with regard to the density of prostrate and erect hairs between veins on the lower side of blade.
Introduction
The available fund of Vitis vinifera L. cultivars, despite the extraordinary number, still does not satisfy existing economy of grapevine growing nor the contemporary needs of consumption of grape, wine and products of grape and wine (Nikolić, 2012) . Thanks to the fast development of science, nowadays there are many methods that usually alone or in combination with other methods contribute to the rapid creation of new grapevine cultivars. One of the methods to increase the grapevine gene fund is hybridization. Within it, an important place is occupied by interspecies hybridization which creates cultivars that will have reduced sensitivity to biotic and abiotic stresses, beside a satisfying yield and fruit quality (Vojtovič and Najdenova 1980; Singh and Murthy, 1993; Reisch and Pratt, 1996; Lu et al., 2000; Nikolić, 2001 Nikolić, , 2006 Nikolić et al., 2007 Nikolić et al., , 2009 Gray et al., 2014) .
The grapevine (Vitis vinifera L.) is attractive for genomic research because it is diploid and has a small genome size of 475-500 Mb relative to other plants (it is approximately four times the size of Arabidopsis and one sixth of the size of the corn genome) (Lodhi and Reisch, 1995; This et al., 2006) , consisting of 19 chromosomes. The genotypes of grapevine cultivars are highly heterozygous and nearly all modern cultivated cultivars are hermaphroditic, self-fertile and out-cross easily. According to Milutinović (1986) , when setting up the plan of crossing and selection of parental partners, the genetic structure of genotypes that are combined in some traits and the character of trait transmission to offspring must be taken into account. Cindrić (1981) states that, due to the high degree of heterozygosity of grapevine cultivars, most traits are inherited complexly so that it can be said that the genetic basis for individual properties is insufficiently known.
The properties of certain grapevine organs such as young shoot, mature leaf, flower, bunch, berry and seed are very important for the description and identification of grapevine cultivars, analysis of inheritance and selection of starting material for breeding. The number of properties to be tested depends of the needs and applied descriptors. Among the many features of mature leaf that are used for description and determination of grapevine cultivars, the following properties are often applied: size of blade, number of lobes, shape of teeth, general shape of petiole sinus, density of prostrate and erect hairs between veins on the lower side of blade.
The aim of this paper was to determine the mode of inheritance of six mentioned mature leaf properties based on comparative morphological analysis of hybrid seedlings of F 1 generation and their parents.
Material and Methods
As a material for investigation, 90 seedlings of F 1 generation from the crossing combination of Muscat Hamburg x Villard Blanc were used. At the same time, with the hybrid seedlings, to establish the mode of inheritance of the examined characteristics, their parental partners were investigated as well. All the investigations were carried out at the experimental field "Radmilovac" of the Faculty of Agriculture, University of Belgrade.
In hybrid seedlings and their parents, six mature leaf properties were examined, and their categorization was performed using a system of OIV codes, described by the IPGRI, UPOV, OIV descriptors (1997). All properties were investigated in the period from the berry set to the beginning of berry ripening. For a description, 10 leaves from the middle third of the shoot were used. Categorizing hybrid seedlings and their parents for each trait was done visually in comparison with standards. The following properties were determined: size of blade (OIV 065); number of lobes (OIV 068); shape of teeth (OIV 076); general shape of petiole sinus (OIV 079); density of prostrate hairs between veins on the lower side of blade (OIV 084); density of erect hairs between veins on the lower side of blade (OIV 085).
Determining the mode of inheritance of investigated properties was performed using the  2 test. The two-way monogenic segregation ratio (3:1 and 1:1) was evaluated.
Results and Discussion
Parental partners, Muscat Hamburg and Villard Blanc had a medium size of blade. Figure 1A shows that more than half of seedlings (54.4%) obtained by crossing of these two cultivars had also a medium size of blade. Only 17.8% of seedlings had very small and 27.8% of seedlings had a small size of blade. In order to follow inheritance of this property, evaluations 1 and 3 were classified into the category of a small size of blade. The  2 test results show that the achieved ratio of seedlings with a medium size to seedlings with a small size of blade (49:41) does not match the theoretically expected 3:1 ratio that is valid for monogenic inheritance (Table 1) . On this basis, it can be concluded that the size of blade is probably polygenically determined. Polygenic inheritance of leaf size was established and Todorov (1981) examined inbreeding progenies of the Bolgar cultivar.
By crossing Muscat Hamburg which had five lobes and Villard Blanc which had three lobes of mature leaf from 90 produced seedlings of F 1 generation, 68.9% of seedlings had five lobes and 31.1% of seedlings had three lobes of mature leaf ( Figure 1B ). The mode of inheritance of lobe number is shown in Table 1 . The achieved ratio of seedlings with five lobes to seedlings with three lobes of mature leaf (62:28) is not considered as the ratio of 1:1, which is characteristic of monogenic inheritance. From this it follows that the expression of these trait is likely to affect a larger number of genes. The mode of inheritance of leaf lobe number was investigated by Pena (1974) , who in addition to others, found that, according to the principles of Mendelian inheritance, genes that control the number of leaf lobes show epistatic reaction (Pt for five lobes, and T for three lobes).
Muscat Hamburg and Villard Blanc had a rectilinear shape of mature leaf teeth. The largest number of their offspring (85.6% of seedlings) also had a rectilinear shape of mature leaf teeth. Other seedlings (14.4%) showed a convex shape of teeth, which was not present in the parental partners ( Figure 1C) . If the achieved results are compared with the theoretical expected values, it can be seen from Table 1 that the shape of mature leaf teeth is probably polygenically determined. The achieved ratio of seedlings with a rectilinear shape to seedlings with a convex shape of teeth (77:13) does not match the theoretically expected 3:1 ratio that is valid for monogenic inheritance. Figure 1D ). In order to follow inheritance of this property, evaluations 2, 3 and 4 were classified into the category of open and evaluations 5 and 6 were marked with the category of a closed general shape of petiole sinus. After connecting evaluations and creation of new categories, it can be concluded that 92.2% of seedlings had open and only 7.8% of seedlings had a closed general shape of petiole sinus. These results agree with the results obtained by Matevska (1970) . In the crossing combination of Servan x Muscat Hamburg, it was determined that out of total of 36 individuals, an open general shape of petiole sinus occurred in 80.56% of seedlings. According to Matevska (1970) , by crossing of cultivars that have a closed shape of petiole sinus with cultivars that have an open shape of petiole sinus, an open shape of petiole sinus is inherited as a dominant trait. The results of our study (Table 1) show that the achieved ratio of seedlings with an open shape to seedlings with a closed shape of petiole sinus (83:7) does not match the theoretically expected 3:1 ratio. On this basis, it can be concluded that the expression of this trait probably participates in a larger number of genes. The data in Figure 1E show that in the Villard Blanc cultivar density of prostrate hairs between veins on the lower side of blade was absent, while in the Muscat Hamburg cultivar it was sparse. From 90 produced seedlings of F 1 generation, obtained by crossing of these two cultivars, density of prostrate hairs between veins on the lower side of blade in 56.7% of seedlings was absent, in 8.2%
of seedlings it was very sparse and in 35.1% of seedlings it was sparse. In order to follow inheritance of this property, evaluations 1 and 3 were classified into the category of present prostrate hairs between veins on the lower side of blade. The results in Table 1 show that the achieved ratio of seedlings with present prostrate hairs to seedlings with absent prostrate hairs between veins on the lower side of blade (39:51) can be considered as the 1:1 ratio that is valid for monogenic inheritance. Muscat Hamburg is probably heterozygous and Villard Blanc is homozygous cultivar for this property. Monogenic inheritance for the density of prostrate hairs between veins was determined by Bešlić et al. (2005) .
The density of erect hairs between veins on the lower side of blade was different in the parental partners. Villard Blanc had absent and Muscat Hamburg had medium erect hairs between veins. The distribution of their progeny was as follows: 47.8% of seedlings had absent, 5.0% of seedlings had very sparse, 32.8% of seedlings had sparse, 11.1% of seedlings had medium and 3.3% of seedlings had strong density of erect hairs between veins on the lower side of blade ( Figure 1F ). In determining the mode of inheritance, this feature is marked as present regarding erect hairs between veins and evaluations 1, 3, 5 and 7 were classified into one common category. Based on the results shown in Table 1 , it can be seen that between the achieved and theoretically expected ratio of seedlings with present to seedlings with absent hairs between veins on the lower side of blade, a slight deviation occurs, indicating that it is a monogenic mode of inheritance of this property. Accordingly, Villard Blanc is probably homozygous and Muscat Hamburg is heterozygous cultivar. Monogenic inheritance for the density of erect hairs between veins was determined by Bešlić et al. (2005) . Matevska (1970) showed that in the case of the crossing of grapevine cultivars where the leaves are bare on the lower side of blade with cultivars which have erect hairs, most hybrids that have erect hairs between veins on the lower side of blade are obtained in the F 1 generation, but generally speaking, these hybrids have fewer erect hairs than their parental cultivar with erect hairs. The dominance of the leaf with erect hairs over the leaf without hairs was also determined by Ivanov and Vlčev (1975) , who examined the heritability of traits in reciprocal, intervarietal crossing of grapevine.
Conclusion
In the investigated hybrid progeny obtained by crossing Muscat Hamburg and Villard Blanc cultivars, considerable variability of all studied mature leaf properties has been manifested.
Size of blade, number of lobes, shape of teeth and general shape of petiole sinus were most probably affected by a great number of genetic factors. Monogenic inheritance was determined with regard to the density of prostrate and erect hairs between veins on the lower side of blade. Varijabilnost i način nasleđivanja šest osobina razvijenog lista (veličina, broj režnjeva, oblik zubaca, oblik peteljkinog sinusa, gustina poleglih malja i gustina uspravnih malja između nerava na naličju lista) ispitivani su kod 90 sejanaca F 1 generacije iz kombinacije ukrštanja Muskat hamburg x Villard blanc. Kategorizacija proučavanih osobina izvršena je pomoću sistema šifri OIV, a određivanje načina njihovog nasleđivanja pomoću  2 testa. Dobijeni rezultati pokazuju da je u hibridnom potomstvu ispoljena znatna varijabilnost svih proučavanih osobina. Veličina razvijenog lista, broj režnjeva razvijenog lista, oblik zubaca razvijenog lista i oblik peteljkinog sinusa razvijenog lista najverovatnije su uslovljeni većim brojem genetičkih faktora. Za gustinu poleglih malja i gustinu uspravnih malja između nerava na naličju razvijenog lista utvrđeno je monogensko nasleđivanje.
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